Abstract
2238 marked climatic seasonality. In these environments, the plant adopts germination strategies that maximize the chances that are favorable for germination and the development of its seedlings [1] . Nevertheless, germination is a high risk event and it tends to be unpredictable in space and time [2] . Consequently, the way in which a plant species respond to changes in temperature and moisture will increase the likelihood that germination occurs at a time when such conditions are favorable for the establishment and development of its seedlings.
Plants of arid and semiarid regions developed different strategies for survival and reproduction for each of the different stages of their life cycles [3] [4] . In these types of environments, although the seeds are able to resist and persist under extreme conditions of temperature and water stress [4] , moisture scarcity is a major cause of mortality that occurs in seedlings [5] . For this reason, germination occurs during the rainy season short period [6] , and the success of the germination process depends, to a great extend, on water availability in the soil and also on temperature, oxygen, light [7] and on seeds size [8] [9] .
Extreme temperatures and water deficit are the major environmental factors that limit seeds germination and seedling development in regions with marked climatic seasonality [10] . As these restrictions are alleviated by decreasing the temperature and increasing the availability of water, seed responds to these stimuli within the limits set by their genotype [11] . Under this limitation, the water potential expressed by the seed is characteristic of each species and when its value is greater than the substrate water potential, the seed is unable to germinate [7] . Therefore, we should not expect that there will necessarily be a linear relationship between germination, moisture and temperature [12] . Sometimes, seed germination capacity depends on its endogenous limits and on microhabitats local conditions of temperature and moisture for which it has been dispersed [13] [14] . The lack of soil moisture directly affects germination [15] , but when the temperature is closer to the ideal, it causes the water potential to become less limiting for germination [14] .
In certain regions of the northeastern Brazilian semiarid area, bromeliad Encholirium spectabile Mart. ex Schult. & Schult. f. grows fully exposed to the sun. Generally, this bromeliad occurs in inselbergs microhabitats where vegetation presents like rarefied mosaics [16] . The inselbergs are isolated monolithic formations or groups of granitic rocks or gneisses on which a peculiar type of vegetation lives [17] . These rocky "islands" have their own microclimate features and they have a floristic composition which is different from the one in the surrounding areas, whether in wet or semi-arid regions [18] [19] . Besides the lack of water on the substrate of these rocks the air temperature and insolation generally reach average values much higher than those found in their surroundings [17] .
In these inselbergs, E. spectabile is restricted to areas where the substrate on the rocks is poorly developed [17] and, possibly, its seeds take advantage of the rare moments of moisture occurring in these environments in order to germinate. We know that E. spectabile is subjected to unpredictable droughts in these habitats, and in addition, its seeds production events are asynchronous [16] . Therefore, we hypothesized that its seeds germinate in a wide range of water deficit. In this condition, at least some seeds are able to germinate, even in restricted water availability.
On the other hand, in semiarid regions, besides affecting the early seedling development drought can also reduce and delay the germination [20] . In addition, in the short growing season in which temperatures are milder, early or late rains may occur. So, we raise a second hypothesis that larger seeds of E. spectabile germinate in a wide temperature range creating a greater opportunity to generate seedlings with roots that are able to fix them in an undeveloped substrate on the rocks. If this hypothesis is plausible, the prediction is that larger seeds of this bromeliad are able to present a high percentage of germination under different temperatures than medium and smaller seeds.
For this study, we formulated the following research questions: 1) How the seeds of E. spectabile, of unequal size, respond to different and constant temperatures? 2) At what temperature its seeds have the highest percentage and speed of germination and the best mean germination time? 3) What is the range of water stress (generated by PEG 6000) that can be tolerated by their seeds?
Material and Methods

Seeds Collection and Storage Place
Ripe fruits of E. spectabile were collected in August 2012, from three individuals on rocky outcrops located in the municipality of Graça, the northwest region of Ceará. This region lies between the geographical coordinates 4˚02'46''S and 40˚45'10''W, with humid tropical climate and hot humid tropical climate and altitude of 174.8 meters. The average annual temperature ranges from 26˚C to 28˚C and rainfall is concentrated between the months of January to May, with an annual average of 1507.2 mm [21] .
Exsiccates were prepared with whole plants of E. spectabile and deposited in the Herbarium Francisco José de Abreu Matos at University Vale do Acaraú, Ceará, under the number 15,828. After collecting the fruits, the seeds were manually removed and placed in plastic containers. These containers were taken to the Seed Analysis Laboratory, of the Department of Plant Science, at Federal University of Ceará-UFC, where they were stored in a freezer at an average temperature of 8˚C. Then, two tests were assembled and performed in the period from September 2012 to May 2013.
Focal Species
E. spectabile, Bromeliaceae, C 4 plant, locally known as macambira-de-flecha, is restricted to rocky outcrops in certain regions of the northeastern Brazilian semiarid area [16] and to inselbergs of the Atlantic Forest forming mats firmly anchored to the rock by thick roots [17] . It is distributed, in aggregate, on inselbergs and between the clefts of the rocks producing rosettes with leaves up to 60 cm high [16] . Its seeds are of varying sizes, no dormancy, and its germination is epigeal cryptocotylar. Its economic potential is due to the use of its stems and flowers for making handmade decorative objects. In pharmacology, the ethanol extract of E. spectabile has protective activity of the gastric mucosa [22] . E. spectabile stands out regarding the ecological aspect of harboring nests of Xylocopa abbreviata bees on the stems of its inflorescences. The continuous and asynchronous flowering in the population of E. spectabile allows stems to exist in different development stages within the same aggregate; this fact assures the nest supply throughout the year [16] .
Biometrics and Water Content of the Seeds
The initial characterization was performed by determining the water content, using a hothouse at 105˚C ± 3˚C for 24 hours, according to the method described in the Rules for Seeds Analysis [23] . For biometric determinations, after mixing and homogenization, 100 seeds chosen at random were used for individual measurement with a digital pachymeter. The length was measured from the base to the apex and width was measured at the midline. Data were subjected to descriptive statistical analysis, in which, with the help of Excel application, we calculated arithmetic mean, standard deviation, standard error and coefficient of variation. Three samples of 100 seeds were separated by three size classes: large (seeds with length > 4.01 mm), medium (seed with length ≤ 4.01 mm and ≥2.97 mm) and small (seeds with length < 2.97 mm) and they were again subjected to descriptive statistical analysis.
Germination under Different Temperature Conditions
In this trial, seeds of three size classes were exposed to constant temperatures of 15˚C, 20˚C, 25˚C, 30˚C, 35˚C, 40˚C and 45˚C, with a variation of ±1˚C and photoperiod of 12 hours of light. For each treatment, four replicates of 50 seeds in a completely randomized design were used. Seeds were distributed over two germitest-type sheets of filter paper and arranged in a Petri dish with a diameter of 9.50 cm. These Petri dishes were germinated in BOD (Biochemical Oxygen Demand) germination chambers. The substrate was moistened with distilled water in the ratio of two and a half times the weight of the paper, and remoistened when necessary. The number of germinated seeds was evaluated every 24 hours. The seeds were considered germinated when they developed the primary root with at least 1 mm long. At the end of the experiment, which lasted fifteen days, germination percentage (%G), germination speed index (GSI) and mean germination time (MGT) were determined according to the following formulas: % (G) = N/A * 100, where N = number of germinated seeds and A = total number of seeds put to germinate; GSI = G 1 /N 1 + G 2 /N 2 + ...+ G n /N n , where: G 1 , G 2 , ... G n = number of germinated seeds in each day and N 1 , N 2 , ... N n = number of days elapsed since the day of sowing. MGT = (∑G i* T i )/∑G, with the results expressed in days, where: G i = number of germinated seeds within a given time interval T i ; G = number of germinated seeds; T i = days of germination.
Germination under a Water Potential Gradient
For this study, we used seeds of large size class (>4.01 mm) which showed that, in the first trial, a higher percentage of germination at the best temperature (35˚C) and in which the germination process occurred in less time. We used different concentrations of polyethylene glycol (PEG 6000) to evaluate the effect of water stress on seed germination and seedling early development [24] MPa. PEG 6000 is the most appropriate method to quantify the water available to the seed, as an inert colloidal solution, non-penetrating in the seed and with effects similar to the properties of soil particles matrices [4] . Analyses were carried out in a completely randomized design with four replications of 50 seeds per treatment. The seeds were placed in Petri dishes and kept in a germination chamber (BOD). To minimize the variation of water potential, the Petri dishes were wrapped in a plastic film and weighed every two days in order to replace the evaporated water [25] .
To determine the influence of water stress on the seeds in each treatment, we followed the method proposed by Silveira et al. [26] . The non-germinated seeds were transferred to Petri dishes with distilled water and kept in a germination chamber at a temperature of 35˚C and in a photoperiod of 12 hours, for an additional period of fifteen days. At the end of the experiment, the number of germinated seeds was expressed in percentage of germination.
Statistical Analysis
We used a multivariate analysis of variance (MANOVA) to evaluate the effects of different treatments on seed germination and seedlings of E. spectabile. Data were analyzed with SPSS 20 for Windows statistical package [27] . Averages that showed statistically significant differences were compared using a Bonferroni adjusted alpha level equal to 0.017. To meet the criterion of normality, the data of germination percentage were transformed into arcsine 100 × . The treatments with osmotic potential and distilled water (recovery) were submitted to ANOVA (F-test) and treatment means were separated using Fisher's least significant difference (LSD) tests at the <0.05 level.
Results
Influence of Temperature and Seed Weight on Germination
The studied seeds sample of E. spectabile showed difference in size, with the length ranging from 2.22 to 5.27 mm and width ranging from 1.12 to 4.33 mm. Table 1 shows the sample average with its deviations and also the three size classes: small (length: 2.22 to 2.96 mm and width: 1.12 to 2.96 mm), medium (length: 2.97 to 4.01 mm and width: 1.19 to 3.14 mm) and large (length: 4.02 to 5.27 mm, width: 1.98 to 4.33 mm). The weight of thousand seeds was 0.52 grams, with a standard deviation of ±0.007 which allows us to infer that a kilogram of E. spectabile seeds may contain 1,923,076 seeds. The water content of the seeds was 10.62%, 9.70% and 11.25% in the small, medium and large classes, respectively.
A multivariate analysis of variance (MANOVA) indicated a significant effect of temperature (F = 27.843, p < 0.0001; Wilk's Lambda = 0.010, partial Eta Squared (η A dependent variables analysis, by using a Bonferroni adjusted alpha level of 0.017, showed the contribution of temperature, seed size and size × temperature interaction to the three dependent variables ( Table 2) .
Seeds subjected to treatments with constant the temperatures of 15˚C and 45˚C, with 12 hours of light/12 hours of darkness did not germinate. Therefore, these temperatures were not included for analysis purpose. The five temperatures studied influenced the germination of E. spectabile seeds regarding germination percentage, germination speed rate and mean germination time (Tables 3-5 ). For seeds of smaller size (<2.97 mm), the five temperatures studied similarly affected the germination percentage. The excellent germination of E. spectabile seeds was achieved at the temperatures of 20˚C, 25˚C and 35˚C, conditions that promoted a high value of germination percentage to seeds of large (length > 4.01 mm) and medium sizes (2.97 ≤ M ≤ 4.01 mm). Despite Table 1 . Average, standard deviation, coefficient of variation and confidence interval regarding biometric determinations (length and width) and weight in a sample of 100 seeds of Encholirium spectabile and also three samples of 100 seeds of three size classes: small (S < 2.97 mm), medium (2.97 ≤ M ≤ 4.01 mm) and large (L > 4.01 mm). this result, the temperature of 35˚C was used in conducting the experiment of water stress because it promoted the best mean germination time for medium and large seeds and the largest germination speed rate for medium and large seeds. 
Influence of Water Stress on Germination
The germination percentage was significantly influenced by different treatments with polyethylene glycol (PEG 6000), (F = 58.03, P < 0.001) and by the recovery experiment (F = 165.70, P < 0.001). Seed germination was not affected by the concentration of PEG 6000 up to −0.8 MPa. There was a reduction in the germination at the concentrations of −1.0 and −1.2 MPa. No seeds germination was observed at −1.4 MPa. After E. spectabile seeds transfer to distilled water, germination percentage (recovery) did not differ from control except for the concentrations from −0.2 to −0.6 MPa ( Table 6 ).
Discussion
The heterogeneity observed in the size of E. spectabile seeds was due to the position of the seeds in the fruit. The loculicide, trilocular and polispermic capsule-type fruit presents conical shape with a wide base with sharp narrowing in the upper third, which houses the smallest seeds. This variation in seed size was also recorded for Dyckia goehringii (Bromeliaceae) due to its position in the fruit [28] . The position of the seed in the fruit can influence its physiological quality. A study conducted with species Albizia saman, Cassia fistula, Cassia hybrida and Delonix regia revealed that seeds taken from the final portion of the pod in D. regia and from the middle portion of the fruits of the other three species mentioned, showed seeds with higher vigor and seedling establishment [29] . The E. spectabile seeds of medium and large size showed greater vigor than smaller ones, that is why they can be indicated for the multiplication of the species. The small, medium and large E. spectabile seeds size classes showed similar water content (10.62%, 9.70% and 11.25%, respectively), within the limits for species with orthodox seeds. This characteristic favors the germination viability of the species, since their seeds are kept in appropriate storage conditions. In general, seeds which have water contents between 10% and 12% assure the maintenance of germination for a period of six to eight months [28] [30] .
The size of seeds in E. spectabile significantly affected its germination. Medium and large seeds showed higher germination compared to small seeds. This superiority is probably due to the fact that they showed larger embryos and reserves enough to promote greater vigor in these size classes [31] .
Although the expected minimum temperature for germination of seeds of tropical species is between 10˚C and 15˚C and the maximum one is around 40˚C [32] , temperatures of 15˚C and 45˚C interfered with the metabolism of E. spectabile seeds preventing its germination. The temperature of 15˚C should be the minimum temperature at which the species triggers the delay of its metabolic rates, while the other extreme (45˚C) denatures its proteins [33] . However, this is not the standard for Bromeliads from other regions. Seeds of Dyckia tuberosa (Vell.) Beer, a terrestrial bromeliad of the Cerrado (savannah) germinated between 15˚C and 40˚C [34] . Seeds of two sandspit bromeliads, Aechmea nudicaulis (L.) and Streptocalyx floribundus (Martius ex Schultes f.) Mez, reached maximum germination temperature between 40˚C and 45˚C, although low germination occurs in this temperature range [35] . Pereira et al. [36] studied the germination behavior of four species of Bromeliaceae, Alcantarea imperialis (Rupestrian field), Pitcairnia flammea (Rupestrian field), Vriesea heterostachys (Atlantic Forest) and Vriesea penduliflora (Atlantic Forest) derived from Ibitipoca State Park, Minas Gerais. The seeds of A. imperialis, V. Heterostachys and V. penduliflora were able to germinate in a wide range of temperatures between 15˚C and 35˚C, except for V. penduliflora which was also able to germinate at 10˚C. Means followed by the same letters (columns) are not statistically different from each other by Fisher's LSD (P = 0.05).
Seeds of E. spectabile, unequal in size, showed different responses regarding germination percentage when subjected to the constant temperatures analyzed. The prediction that their larger seeds would show higher germination percentage than medium and small seeds was confirmed at the temperatures of 20˚C, 25˚C and 35˚C. Seeds of Dyckia goehringii Gross & Rauh, a native bromeliad of Cerrado, were evaluated on a sheet of paper similar to E. spectabile at temperatures of 20˚C, 25˚C, 30˚C and 35˚C by [28] . The results obtained by these authors showed that the seeds of D. goehringii do not present an impediment to water absorption which is influenced by its size.
Large and medium seeds expressed higher germination speed rate at 35˚C, indicating that, at this temperature, E. spectabile seeds have greater vigor. According to Duarte et al. [28] D. goehringii of large seeds have higher germination and vigor, generating more vigorous seedlings than small seeds, expressing its best physiological potential at the temperature of 30˚C. On the other hand, the mean germination time did not show a variable indicated to examine the influence of mass in E. spectabile seeds, as there was no significant difference between small, medium and large seeds at the temperatures of 30˚C, 35˚C and 40˚C.
E. spectabile seeds germinate in a wide range of water deficit of −0.2 to −1.2 MPa. It is possible that this is one of its evolutionary strategies to acquire water supplies needed to germinate and to survive in the substrate with water restrictions. In semi-arid regions, where rainfall is irregular and uncertain in time and space, this species should take advantage of the short periods of rain to promote its own seed germination [6] .
Soil moisture or habitat is one of the major abiotic factors that affect seed germination [15] . In the case of E. spectabile seeds, no germination was observed when the osmotic potential reached −1.4 MPa. This must be the osmotic potential characteristic of the species when the seed is unable to germinate [7] .
Although they showed a low germination percentage (36.28% and 30.38%), E. spectabile seeds were able to germinate when exposed to osmotic potentials of −1.0 and −1.2 MPa. This may also be another strategy used by the species to take advantage of low water availability in its habitat. The characteristic of seeds asynchronous dispersion [16] and the ability to germinate in wide range of water deficit can be vital to seedlings of E. spectabile and decisive for the recruitment of individuals in environments with water restrictions [37] .
On the other hand, the results found for the germination of E. spectabile seeds reveal that the reduced germination in osmotic potentials −1.0 and −1.2 MPa can reduce the fitness of their seedlings. Consequently, it can reduce the likelihood of individuals to survive and reach adult stage. These predictions are consistent with other studies on woody species in semi-arid regions. Prosopis caldenia seeds germinate and grow under water stress conditions. However, the availability of water in the soil limits the establishment, survival and growth to adult stage [10] .
Conclusion
E. spectabile seeds of unequal sizes respond differently to the influence of temperature on germination and to water stress. Larger seeds have higher germination than medium and small seeds at the temperatures of 20˚C, 25˚C and 35˚C and in the range of water deficit of −0.2 to −1.2 MPa. Positive response of E. spectabile seed germination at different temperatures and wide range of water stress can be one of the strategies used in the establishment and reproduction of the species in the rocky habitat of semiarid region.
